International Physical Activity Questionnaire (IPAQ) 
Introduction
Physical activity (PA) is widely regarded as a primary component of a healthy lifestyle; its level is considered one of the best measures of health (Astrand, 1992; Bouchard et al., 1994; Kemper, 1995) . Thus, the term PA is of particular importance in the field of recreation and physical education. Kozłowski and Nazar (1995) assume that PA, for example, physical effort concerns skeletal muscle work and a whole spectrum of associated functional changes that occur in the organism, and are expressed as enhanced energy expenditure (Anshel et al., 1991; Bouchard and Shephard, 1994) . Among all advantages of PA, an increase in aerobic capacity is considered the most beneficial to health. Relationships between PA and aerobic power have been the subject of numerous research studies. However, a reliable assessment of PA level poses several methodological setbacks, since the form, type, frequency, volume, and intensity should all be determined (As-trand, 1992; Melanson and Freedson, 1996; Corbin et al., 2006) . In recent years, questionnaires have been used for this purpose, as this type of survey is easy and quick to perform. Nevertheless, PA level estimation using a questionnaire has both advantages and disadvantages Sjøstrom et al., 2000; Craig et al., 2003; Stasiołek and Jegier, 2003) , and among the latter, there is a tendency to over-estimate self-reported PA level, particularly by adolescents (Mynarski et al., 2007; Biernat et al., 2008) .
International Physical Activity Questionnaire (IPAQ) has become one of the world's most valuable tools for measuring physical activity in different groups or population. Booth (2000) defined IPAQ as the only reliable method of physical activity estimation in large populations of developed and developing countries. At present, the questionnaire is widely used to investigate physical activity levels among different groups and populations (Hallal et al., 2003; Gomez et al., 2005; Suchomel et al., 2008) , and its accuracy and reliability are controlled (Craig et al., 2003; Arvidsson et al., 2005; Eklund et al., 2006; Hagstromer et al., 2006; Kurtze et al., 2008) . There is a short and a long version of the questionnaire; the short version is suitable for use in national and regional surveillance systems. The Polish version of the IPAQ was accepted in 2004 by the IPAQ Executive Committee, and was used in the present study to assess the correlation between PA level and aerobic capacity.
The aim of our study was to investigate whether student allocation in high and moderate level physical activity groups, based on self-reported PA levels obtained using the IPAQ, confirm the widely accepted hypothesis that increased physical activity enhances physical fitness, and mainly aerobic capacity. It was assumed that confirmation of the above will constitute indirect evidence in support of the reliability of IPAQ self-report.
The magnitudes of differences in aerobic capacity between students with high and moderate physical activity levels were determined.
It was hypothesized that aerobic capacity of students with a high level of physical activity, as determined by the IPAQ, would be higher compared to that of moderately active study participants.
Material (Astrand-Ryhming) .
The students' physical activity (physical effort typically undertaken during a usual week in the month preceding the questionnaire survey) was assessed based on the Polish short version of the IPAQ (Biernat et al., 2007) . The obtained data was scored according to the guidelines by Cull et al. (2002) and Craig et al. (2003) .
The short IPAQ version includes seven questions about the respondent's PA in a usual week. Statistical analysis was performed on their answers to questions concerning physical activity of vigorous, moderate, and low intensity. Walking at a speed of approximately 4 km×h -1 was given as an example of a low-level intensity PA, but which a respondent found physically difficult to perform (Crige et al., 2003) . To facilitate the identification of vigorous and moderate intensity PA, examples were provided with each question according to Ainsworth et al.'s (2000) compendia of different forms of physical activity.
Data scoring was based on MET values of intensity levels, as suggested by the IPAQ authors. The values of 3.3 METs, 4.0 METs, and 8.0 METs represented low-, moderate-, and high-intensity activities, respectively.
The complete procedure of IPAQ data analysis consists of calculating the total volume of a given intensity level of physical activity, expressed as METmin×week -1 scores. These are obtained by multiplying MET value of low-, moderate-or high-intensity PA by the number of days when it was undertaken and activity duration (e.g., moderate METmin×week-1 = 4.0 × moderate intensity activity minutes × moderate days). Thus, weekly PA volume can be determined based on which the respondents are assigned to one of the following categories:
High PA level -individuals meeting at least one of the two criteria below: -3 or more days of vigorous intensity activities (total PA of at least 1500 METmin×week -1 ), -7 or more days of any combination of low-, moderate-or high-intensity activities (e.g., 2 days of vigorous-, 4 days of moderate-, and 5 days of low-intensity activities (total PA of at least 3000 METmin×week -1 ).
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© Editorial Committee of Journal of Human Kinetics -Moderate PA level -individuals meeting at least one of the two criteria below: -3 or more days of vigorous intensity activities of at least 20 minutes per day (total PA of 480-1500 METmin×week -1 ), -5 or more days of moderate intensity activities and or low-intensity activity of at least 30 minutes per day (total PA of 495-3000 METmin×week -1 ), -5 or more days of any combination of low-, moderate-or high-intensity activities (total PA of 600-3000 METmin×week -1 ). Low PA level -individuals who do not engage in any physical effort or fail to meet the criteria for moderate or high levels.
The overwhelming majority of the students met the criteria of high (36 women, 56 men) or moderate (84 women, 77 men) physical activity levels. Only 3 female and 2 male participants were classified as representing the low PA level, and hence they were not included in the statistical analysis.
Aerobic capacity was evaluated by the AstrandRyhming test. Both absolute (l×min -1 ) and relative (ml×kg -1 ×min -1 ) values were considered in the statistical analysis. The significance of mean aerobic capacity differences between highly and moderately active students was assessed using the Student t-test for independent variables. Calculations were made separately for male and female subjects.
In order to verify the above statistics, correlations were determined between IPAQ datasets and aerobic capacity variables, separately for women and men, disregarding the division into physical activity groups.
Results
Mean values of variables analyzed in female and male members of highly and moderately active groups are given in Tables 1 and 2 . The distribution of analyzed variables was normal.
The above facts allowed us to carry out further statistical analysis, mainly regarding the correlations between physical activity and aerobic capacity variables (significance test for differences, correlation).
Mean values of somatic parameters in male and female members of high-and moderate-level physical activity groups (body height, mass, and BMI) were similar; it can be assumed that body build did not result in significant differences between the groups. Thus, morphological features did not significantly affect the relationship between physical activity and aerobic capacity.
Data presented in Tables 1 and 2 indicate clear differences between PA volume at all intensities, as well as between aerobic capacity in male and female members of high and moderate physical activity groups, which might result from the division criteria. It should also be noted that mean scores derived for each type of intensity, as well as mean total physical activity per week, are higher for men.
Similar results were obtained regarding aerobic capacity (VO2 max) in female and male groups (Figures 1-4) . The above results confirm (Table 3) significant differences (p<0.001) between absolute and relative aerobic capacity values in both highly and moderately active subjects, irrespective of gender.
To verify the observed intergroup differences, the Pearson's r linear correlation coefficient was calculated for female and male participants, disregarding their physical activity level. The strength and direction of the correlation between physical activity and aerobic power in our study shows a statistical significance (p<0.05), with the exception of the relationship between PA2 and the relative value of VO2 max (ml×kg -1 ×min -1 ) in females. Correlation strength was generally greater in men, especially in case of PA3 and TPA.
Discussion
The reports of Kemper (1995) , Kriska and Caspersen (1997) (2008) provide substantial data concerning the influence of different physical activity levels on aerobic capacity (VO2max). Most authors indicate that regular physical activity results in enhanced aerobic power (i.e., increased capacity of the body to transport and utilize oxygen during exercise).
The results of our investigations fully confirm the above mentioned observations. Nevertheless, the technique of physical activity assessment (IPAQ) did show the aforementioned methodological limitations, particularly regarding student allocation to high-, moderate-and low-physical activity groups. The last group only comprised a negligible percentage of the study population (1.94%), whereas the results of investigations carried out among Polish youth indicate much higher numbers of those with low levels of physical activity (Frömel and Górna, 2001) .
The outcome can be accounted for as follows: 1. Participation in the study was voluntary; students with low levels of physical activity as well as overweight and obese individuals probably abstained from PA, fearing they would reach poor results in comparison to their peer group. 2. Young people have a tendency to overestimate their PA level, especially with self-report instruments (Biernat et al., 2008; Mynarski et al., 2007) . 3. The criteria of inclusion in a given physical activity level, as established by the authors of IPAQ (identical for a population aged 15 to 64 years), are probably too low for adolescents and young people.
The above reasons could all affect PA group allocation of our study. This did not have an impact on our study objectives, since highly and moderately active student groups differed regarding the frequency and volume of PA. However, we would like to emphasize the need for cautious interpretation of questionnaire survey results. Another problem related to IPAQ is the respondent's assessment of physical activity in a usual week preceding the survey, whereas, in fact, aerobic capacity is an outcome of long-term regular endurance physical exercise (Astrand, 1992; Corbin et al., 2006 (Kemper, 1995) . Thus, we assumed that PA levels of our study participants were similar as earlier in their life, and, consequently, their aerobic capacity resulted from long-term engagement in a given physical activity pattern.
In light of the above, we consider our results concerning higher VO2 max in female and male students with high PA levels as probable. Similar coefficients of correlation between VO2 max and PA evaluated by IPAQ were obtained by Kurtze et al. (2008) and Graff-Iversen et al. (2008) , who investigated middle aged populations. This also seems to be confirmed by the results of several month or longer experiments investigating the effect of physical activity characterized strictly by predetermined frequency, volume, and intensity of VO2 max (Garber et al., 1992; Williford et al., 1993; Mynarski et al., 2007) . Our research hypothesis has been verified, and other authors' observations were confirmed.
The study also indicates that PA volume in men is greater than in women (Frömel et al., 1999; Van Mechelen et al., 2000; Trost et al., 2002; Mynarski et al., 2007; Suchomel et al., 2008) . This mostly concerns high-intensity PA, and total volume of physical activity per week. It can be suggested that, for male students, low-intensity PA constitutes a sub-threshold stimulus for aerobic capacity improvement. Female students, who less frequently engage in intensive exercise, might benefit from everyday life activities, as well as high volume and low-intensity recreation; all of which might advantageously affect or help maintain their aerobic power.
In conclusion, it should be emphasized that the correlations between different PA levels and aerobic capacity are of statistical character; and may not be observed in some individuals. Thus, only tendencies of correlations between some individual characteristics can be considered, which is in accordance with the opinions of other researchers.
Our results indicate that IPAQ is a reliable tool to differentiate between PA volume in study participants, however, the PA category inclusion limits seem too low.
Conclusions
1. IPAQ as a self-report instrument only allowed the division of study participants into highly and moderately active. The percentage of students representing the low PA level was negligible (2.44% of female and 1.48% of male students). Thus, the PA category inclusion limits, devised by the authors of IPAQ, seem too low. 2. Aerobic capacity of highly active students was significantly higher compared to that of moderately active participants, irrespective of gender. This has been confirmed by correlations between considered variables in female and male participants disregarding their PA levels. However, the strength of those correlations was smaller than in case of intergroup differences (highly and moderately active women and men). 3. Our results confirm the hypothesis that physical activity is an important stimulus of aerobic capacity (VO2 max) improvement. 4. The correlations between different PA levels and aerobic capacity are of statistical significance and only relate to the investigated student group. However, they imply that a correlation between PA level and aerobic power in the general population exists. 5. Research results discussed herein confirm the chance of reliable PA level differentiation using questionnaire tools (eg., IPAQ).
